Acacia nilotica was introduced to Baluran National Park (BNP) in 1969 to ser ve as firebreaks. It quickly invaded the Bekol Savanna in BNP, where it inhibited the growth of native grasses that are important food for wildlife, such as the endangered banteng (Bos javanicus). To determine the effect of A. nilotica invasion on plant species assemblages and diversity and to evaluate how well the management technique is preventing further invasion and restoring the native ecosystem, we laid out 25 plots (10 m 10 m) in a belt transect in each of three vegetation types: uninvaded area (UIA), invaded area (IA), and managed area (MA) where the slash and burn method has been attempting. In each vegetation type, we counted the number of individuals of each plant species and calculated the species richness and diversity indices. The results showed that the savanna changed dramatically after the introduction of A. nilotica. Seven of the nine species detected in UIA were absent from IA, and the relative dominance of surviving plants also decreased. Consequently, the diversity of the savanna was degraded by A. nilotica invasion, causing a reduction of food resources for herbivores. In MA, however, five of the seven species absent from IA had recovered after the slash-and-burn removal of A. nilotica. Several forest species had newly invaded MA owing to both the decreased allelopathic influence and the perch effects of remnant A. nilotica. Thus, the slash-and-burn method could contribute to the recovery of native species, although additional efforts are required to remove remnant A. nilotica.
INTRODUCTION
of Africa, 60% of Australia, and 45% of South America), substantial areas of savanna also exist in India, Central
America and Southeast Asia. Savannas can be found in diverse tropical environments, but most of them experience a dry season and owe their distribution and ecological properties to regular fire regimes (Huntley and Walker 1982, Woodward 2008) . These conditions have led most native savanna faunas to develop an adapted migratory behavior in which they migrate to completely different types of biome during the dr y season. These animals aggregate socially (form herds) and are hoofed (ungulates) (Walker 1985 , Solbrig et al. 1996 . Some savannas such as the Brazilian cerrados are remarkably biodiverse, and they have a high degree of endemism with a wide range of life forms (Eiten 1972 . SilberbauerGottsberger and Gottsberger 1984 , Ratter et al. 1997 .
The Bekol Savanna, located in the eastern part of Baluran National Park (BNP) in East Java Province, Indonesia, is a savanna ecosystem in Southeast Asia that has an important role in supporting endemic plants and herbivores such as the banteng (Bos javanicus), a species of wild cattle which is categorized as an endangered species in the IUCN Red List (IUCN 2008 In light of our findings, we discuss the conser vation strategies for savanna ecosystems in BNP.
MATERIALS AND METHODS

Study site
The study was conducted in the Bekol Savanna in BNP, Situbondo Region, East Java Province, Indonesia (Fig. 1) . 
Experimental design
In each type of vegetation (UIA, IA, and MA), 25 quadrat plots (10 m 10 m) were laid out at 10-m intervals in a belt transect that ran from west to east. In each plot, all plants were identified to the species level and the number of individuals of each species was counted and recorded.
For grass species, a ramet was considered to be an individual plant.
Data analysis
Plant species richness
Species richness is used in conser vation studies to determine the sensitivity of ecosystems and their resident species (Hunter 1999 , Bengtsson et al. 2000 . Plant 
where Pi is the fraction of the entire population made up of species i, s is the total number of species encountered, and ∑ represents the summation from species 1 to s.
The second index was the Margalef diversity index (d ) (Margalef 1958) , which is highly sensitive to sample size. The higher the d value, the greater the diversity. d was calculated by using the following formula:
where S is the number of species, n is the number of individuals.
The third index was the evenness index (E ) (Pielou 1966 ). An E value near 0 indicates that one species dominates a community, whereas a value near 1 indicates that the numbers of individuals are evenly distributed among all species. E is calculated using the following formula:
E = H Hmax
where H is the Shannon diversity index, H max = ln(S), and ln(S) is the natural logarithm of the number of species.
Data were analyzed by using SPSS Grad Pack 17 software (SPSS, Inc., Chicago, IL, USA). One-way ANOVA and Tukey , s multiple comparison test were used to determine the significance of dif ferences among the three vegetation types in terms of species richness and the diversity indices.
RESULTS
Plant species structure and composition
The number of plant species obser ved within each vegetation type is shown in Figure 2 . 
Plant species diversity
Plant species diversity was measured by using the Shannon-Wiener (H ), Margalef (d ) , and evenness (E ) indices (Figs. 3, 4 and 5). According to the ShannonWiener diversity index (Fig. 3) , the values differed among vegetation types (F = 4.29, df = 2, P = 0.05; one-way ANOVA). The species diversities of UIA and MA were not significantly dif ferent (P > 0.05, T ukey , s multiple comparison test), whereas the H values of these areas were significantly different from that of IA (P < 0.05).
Among the 25 plots in each area, the H value ranged from 0.76 to 1.98 (mean SD, 1.377 0.321) in UIA, from 0.46 to 1.34 (0.762 0.177) in IA, and from 1.00 to 1.98 (1.512 0.246) in MA. According to the Margalef index (Fig. 4) , the values 
DISCUSSION
Effects of A. nilotica on the savanna ecosystem
The Bekol Savanna ecosystem is maintained by managing wildfire during the dry season. The savanna supports a high degree of endemism with a wide range of life forms, characterized by the endangered banteng (IUCN 2008).
Our results showed that the Bekol Savanna was dramatically changed after the introduction of A. nilotica as firebreaks. We observed 9.00 3.71 species (mean S D ) i n p l o t s o f n a t u r a l s a v a n n a ( U I A ) , a n d t h e introduction of A. nilotica caused a non-significant decrease in the number of species (5.00 2.16 in IA; Fig. 2). Consequently, the level of plant species diversity was also decreased in IA (Figs. 3, 4 and 5). Similar effects of (Wang et al. 2004) . Data presented in Table 1 showed that seven of nine species observed in UIA were absent in IA, and the relative dominance of one of the remaining species, T. lampas, was lower in IA than in UIA. In contrast, A. aspera, which is distributed throughout the tropics and has invaded some Pacific islands (Holmes and Cowling 1997) , showed increased relative dominance after the invasion of A. nilotica (Table   1 ). It is unlikely that such vegetational changes, characterized by both the decrease in the number of species and the dominance of single species (A. aspera), were caused only by the effect of the closed canopy of A.
nilotica, which can hamper light penetration to the understory vegetation.
Other possible causes for the reduction of species diversity in IA are competition for soil nutrients between native and invading species (Fag and Stewart 1994 ) and the strong nitrogen-fixing ability of the legume A. nilotica.
Nitrogen-fixing plants increase soil nitrogen content (Maekawa and Nakagoshi 1997 , 1998 , Taniguchi et al. 2007 , Kurten et al. 2008 , Akamatsu et al. 2011 , which promotes establishment of their seedlings and may reduce species diversity (Boring and Swank 1984) . In fact, the relative density of A. nilotica reached 63.3% in IA (Table 1 ). In the BNP in the 1980s, the density of A.
nilotica was 75 individuals/ha, equal to a relative density of only 3.5% (Alikodra 1987) .
Changes in the flora and the subsequent loss of plant species diversity are considered to negatively af fect wildlife through the diminished quality and quantity of food resources. In the Bekol Savanna, the number of plant species (Fig. 2) and level of plant species diversity Park (Chapman and Chapman 1996) , where Acacia sieberiana and Erythrina abyssinica are the most common medium-to-lar ge savanna tr ees scatter ed in the grasslands. These trees of fer food and perching or nesting sites to frugivores, and their surroundings are expected to receive more zoochorous seed rain than treeless areas. Because remnant A. nilotica trees provide perches that foster plant invasion and have some allelopathic effects, some management in addition to the slash-and-burn method is required for the recover y of natural vegetation in the Bekol Savanna.
CONCLUSION
Our results clearly showed that the invasion of A. nilotica has degraded the flora in the Bekol Savanna and has a negative ef fect on herbivor es by r educing food availability. Thus, there is an urgent need to address the problem of A. nilotica invasion in the Bekol Savanna before the entire savanna is invaded. Our findings also indicate that the slash-and-bur n method employed presently by BNP managers was an effective means for the recover y of natural vegetation. After the slash-andburn removal of A. nilotica, five of the seven species that were present in UIA but absent in IA had recovered.
However, another five forest species had invaded in MA because remnant A. nilotica trees provide perches that foster plant invasion. Thus, it was concluded that some management in addition to the slash-and-burn method is required for the recover y of natural vegetation in the Bekol Savanna.
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